Introduction
Gas˗liquid two˗phase flows through orifices are encountered in several industrial plants.
Some examples are, flow characteristics of rupture discs, in engineering relief system of chemical reactors, leaks from ruptured vessels and pipes, in power generation units, control of two phase flow using choke valve on oil production platforms, desalination process by multistage flash (MSF) and the metering of two˗phase flows.
The evaluation of the pressure drop caused by the orifice and the knowledge of its upstream and downstream influences is necessary for safe and adequate design of the equipment where orifices might occur. There has been significant effort in modelling single˗phase flow through orifices and the corresponding pressure drops. Details of flow behaviour and models of pressure drops can be found in fluid mechanics textbooks such as Idel'chik (1994) .
In two˗phase flow the flow mechanics are more complex due to the nature of the flow.These can exhibit a wide range of phase configurations as a consequence of the deformable interface.The majority of published work has been directed to the pressure drop as well as the pressure drop prediction models Simpson et al.(1983 ), Chisholm (1983 , Morris (1985) , Fitzsimmons (1964) , Saadawi et al. (1999) , Roul and Dash 3 (2012) and to a lesser extent to the flow behaviour through orifices. Fossa et al. (2006) investigated the slug pressure through sharp edge orifices in horizontal pipes. Time series of cross˗sectionally averaged void fraction were been measured using conductance probe technique upstream and downstream of the orifice which had dimensionless plate thickness of 0.023˗0.59 and area ratio of 0.54 and 0.73.
They found that the void fraction usually reaches a maximum at a distance of about one diameter downstream of the throat. This maximum can be up to twice the value recorded in the fully developed flow regime far from the orifice. The flow in the developing region and the developing length (downstream the contraction) is also dependent on the upstream flow patterns and area ratio. Fossa and Guglielmini (2002) noticed that this behaviour was observed irrespective of the orifice thickness for high liquid flow rate and even more evident when the area ratio is low.
Recently investigated numerically the behaviour of two˗phase air˗water flow through orifices placed in horizontal pipes. For their study, they used the same experimental conditions (flow conditions, orifice geometries) as those employed by of Fossa and Guglielmini (2002) . They report finding similar to those of Fossa and Guglielmini. Salcudean et al. (1983) analysed the effect of the flow obstructions on flow patterns and void fraction in horizontal tubes. They found that a central obstruction and an orifice plate influence on the flow pattern. The central obstruction was found to have the strongest effect on the transition between stratified smooth and stratified wavy and between stratified wavy and intermittent flows while the orifice plate has a stronger effect on the transition from intermittent to annular flow. Shannak et al. (1999) provided the measurements of contraction coefficient, which is 4 the narrowest flow cross˗section downstream the orifice divided by cross section of the pipe They worked with single phase and air˗water two phase flows in a horizontal pipe using a photographic technique. The results demonstrate that the contraction in the two˗phase flow is limited to very narrow ranges of mass flow qualities of less than 1.2 % and greater than 99 % where the flow regimes are bubbly and spray flow respectively. Annular flow in vertical tube was studied by Azzopardi (1984) who examined the effect of thick orifices on the drop/film split. He used eight orifices with different angles of convergence/divergence, orifice diameter and thickness; he found that the film flow rates decreased after the contraction, subsequently returning back to the upstream value.
He observed that the measured minimum film flow rate decreased with an increase in the angle and decrease in throat diameter. This work was extended by McQuillan and Whalley (1984) who presented similar results to those of Azzopardi (1984) from their study of effect of thin orifices on the film/drop split in annular flow. They noticed that the orifice plate caused extra atomisation of the film and the liquid returns to the film downstream the orifice plate.
For liquid-liquid mixture flow Chakrabarti et al. (2009) used the optical probe technique to analyse the influence of the orifice on the phase distribution during stratified waterkerosene flow. They concluded that this obstruction can be recommended as homogeniser/emulsifier for liquid-liquid systems. On the other hand from their study of pressure drop generated by this fitting they encouraged the use of the orifice as flowmetering device for liquid-liquid stratified flow.
In studies of sudden contractions, Azzopardi et al. (2014) examined the variation of the frequency of Taylor bubbles in slug flow between the upstream and downstream pipes.
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They found that though the lengths of the Taylor bubbles and liquid slugs increase from upstream to downstream, the frequency essentially remains at the same value. They termed this persistence of frequency. They also found a similar behaviour between the pipe upstream and the throat of a Venturi and in pipeline˗bend˗riser arrangements in the work of , e.g., Saidj et al. (2014) . This paper is an attempt for understanding the fundamentals of the effect of the orifice on the two-phase flow behaviour through this fitting. It will be shown how the orifice geometry mainly affects bubbly, slug and churn flow patterns.The extent that this effect can persist downstream of the obstruction before the flow finally resumes the form that it has far upstream the orifice.
Experimental setup and the methodology
A schematic diagram of the experimental apparatus employed for these two˗phase flow measurements is shown in Figure 1 . The vertical test section was made of transparent acrylic resin (PMMA), which permits visual observation of the flow pattern, is about 6m long with an inner diameter, Dt, of 34 mm and a wall thickness of 4 mm. Tap water is drawn by pump from a storage tank, which also acts as a phase separator, and injected in to the mixer where it is combined with the air supplied from the compressor.
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The mixer made of Polyvinyl chloride (PVC) has a short concentric pipe, with 64 holes with 1 mm diameter spaced equally in 8 columns over a length of 80 mm on the cylindrical surface and with the top blanked off as the gas injector. The liquid is introduced into the annular chamber surrounding this gas injector , creating thus, a more even circumferential mixing effect.
Downstream the mixer, the air˗water mixture flows through the vertical pipe, a bend, a horizontal pipe and finally to the storage tank, where the air and the water are separated.
The water is recirculated and the air is released to the atmosphere. Inflow of air and water are controlled by valve and metered using banks of calibrated rotameters mounted in parallel before the mixing unit. The maximum uncertainties in the liquid and gas flow rate measurements are 2%. The static pressure of the air flow is measured prior entering the mixing section. A thermometer with a precision of 0.1°C is used for temperature measurement. The temperature during the experiments was around 25°C. Tap water, which was used in the experiments, was found to have conductivity around 600 S/cm.
(measured with LUTRON YK-43C electrical conductivity meter). The electrical conductivity showed an increasing with temperature. To avoid larges variations of conductivity with the same experimental run, which could influence on the measurement of the electrical resistivity of the medium, fresh water was fed continuously to the storage tank and discharged to the drain.
A series of six orifices have been used in the present study. Table 1 summarizes the dimensions of these orifices. According to the criterion set by Chisholm (1983) , orifices having t/Dt<0.5 can be classified as thin whilst those t/Dt>0.5 as thick.Thus, orifices 1, 2, 4 and 5 are thin whilst 3, 6 are thick ones. Since the water behaves as an electrical conducting medium and air as resistive medium, the conductance probe techniquehas been chosen to measure the void fraction.
In this technique, the cross˗sectional averaged void fraction can be inferred once the relationship between electrical impedance and phase distribution has been established. Fossa (1998) , Abdulkadir et al. (2012) , Saidj et al. (2014) are among other researchers who used this technique successfully.
Nine ring˗shaped plate conductance probes were installed on the test section ( Fig.2 ).
Three of these at 570, 260 and 70 mm before the orifice; and six probes at 30, 110, 225, 560, 1005 and 1335 mm after the orifice. The orifice is installed at 4110 mm (121 pipe diameters) downstream the mixer. In the present study, the probes have been excited using a signal with 0.1 MHz frequency, in such a way that the imaginary part of the impedance becomes negligible with respect to the real part. The impedance is therefore purely resistive.
The output voltage (Vout) given by the probe is proportional to the resistance of the two˗phase mixture. This response is converted to dimensionless conductance (Ge * ) by using the voltage obtained when the pipe is full of liquid (Vfull) as the reference value.
To account for the systemic errors, Vfull was measured before every experimental run and adjusted if a considerable deviation was observed. The calibration procedure consisted in creating different liquid fractions at the conductance probes. This was achieved by inserting plastic cylinders of various cross sectional areas into the vertical pipe to simulate annular flows and plastic beads to simulate bubbly flows. and Whalley (1997) . The model proposed by Taitel et al. (1980) is used for the transition line between the bubbly to slug flows while the slug to churn transition line is based on the model derived by Jayanti and Hewitt (1992) .The model by Barnea (1986) is employed for the churn to annular flow transition. It appears clearly from the Figure 3 that most of the experiments lies in the slug flow region. The Taitel et al. approach predicts the transition from bubble to slug well except at very low liquid flow rate. On the other hand, the line of Jayanti and Hewitt is less accurate for slug/churn transition. The Probability Density Function (PDF) is the probability that the void fraction values lie within a certain range versus void fraction. The total area under the probability density function equals unity. It has been used as tool to identify flow pattern. Jones and Zuber (1975) suggested that the flow pattern could be identified depending on the shape of the PDF. Costigan and Whalley (1997) carried out an extensive work to link specific PDF signatures with flow pattern configurations. An example of the evolutions of the
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PDFs of the average void fraction time series for orifice 1 at the liquid superficial velocity equal to 0.3 m/s and gas superficial velocity equal to 0.28 m/s is plotted in Figure 5 . At the first probe (CP1), the shape of the PDF presents two peaks characterizing the slug flow pattern. One peak at low void fraction close to a value of 0.2 is for liquid slug region containing small bubbles, while the second peak at the higher void fraction at ~0.85 corresponding to the Taylor bubble. The PDF for the second probe (CP2) is the same as that for the first one while the shape of the third probe (CP3) seems presenting a small change indicating that there is an effect of the orifice upstream. It is useful to remember that the (CP3) is placed 2D before the orifice.
The effect of the orifice on the flow is obvious from the PDF's trace at the (CP4), first probe after the orifice, with practically a disappearance of the peak at high void fraction with only one peak at low void fraction, expressing thus the homogenization effect of the orifice on this flow. At (CP5) the flow starts to re˗organize itself with the start of formation of Taylor bubbles as seen by a small peak at high void fraction. The flow returns from (CP6) to its initial flow pattern with the same trace as that of the first probe (CP1) with two distinct peaks. Moreover, this figure shows that the slug flow re˗establish itself towards the (CP6) probe, i.e. about 7D after the orifice which is considerably a short distance. 
Spatial evolution of the average void fraction
The evolution of the average void fraction along the test section upstream and downstream the six orifices is plotted in Figure 6 for different gas and liquid superficial velocities combinations. For bubbly flow ( Fig.6(a 
3-5 Spatial evolution of the void fraction gradients along the test section
The axial changes in void fraction can be seen more clearly if the gradient of void fraction with axial distance is considered. The void fraction gradients along the test section for bubbly, slug and churn flow respectively are plotted in Figure 7 . For bubbly flow ( Fig.7 (a) ), the gradient increases before the orifice and more sharply for the orifice with lower pipe diameter ratio (σ=0.54). After the orifice the spatial gradient of the void fraction decreases to lower value. From this minimum it can be seen that the gradient 
Slip ratio
In order to investigate the homogenization effect of the orifice on the two-phase flow, the slip ratio has been used. It is by definition the ratio of the mean gas velocity to that of the liquid phase,
These velocities are related to the superficial velocities of the phases UGS and ULS and the average void fraction, εG by:
The slip ratio reads:
In Figure 8 
Spatial evolution of the structure velocity
The structure velocity along the test section are obtained by cross-correlating the void fraction times series between each successives paires of probes before and after the orifice.
The evolution of the structure velocity along the test section for orifice 1 is presented in Figure 9 (a) to 9(d). It appears from this figure that for a given liquid superficial velocity, the structure velocity increases with the gas superficial velocity.
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At low liquid superficial velocity Fig 9(a) , for both bubbly and slug flows, the structure velocity increases sharply just after the orifice, than decreases to finally stabilize at its initial value. However for the churn flow, the structure velocity decreases sharply when passing through the obstruction to lower velocities of less than 1 m/s. Same findings are obtained by increasing the liquid superficial velocity to 0.3 m/s (Fig 9 b) . 
Structure velocity in Slug flow
In this section more attention is given to analyse the structure velocity within the slug flow pattern. The values of the structure velocities obtained by cross-correlating the void fraction times series between probes 1 and 2, 4 and 5 and finally 8 and 9 have been 23 chosen for orifice 1. The obtained experimental values of these velocities along with those predicted by the correaltions of Nicklin et al. (1962) , Mao and Dukler (1985) and by Azzopardi et al .(2015) are plotted in figure 10 . shown by Hills and Darton (1976) , thus making the measured velocity higher. As one can expect, the Taylor bubble which covers most of the cross section area of the pipe, and which is surrounded by the liquid film, could be deformed or destroyed when passing through the orifice. As a consequence the film thickness could change and be used as a parameter to control the Taylor bubble form, destruction and re-formation downstream the orifice and thus the re-forming of the slug flow.
The liquid film around the Taylor bubble can be extracted from the local void fraction.
From figure 11 , if one considers that the film is uniform without waves, the void fraction in the taylor bybble, TB  is:
The film thickness reads:
with δ, the liquid film thickness in mm, D and TB d the diameter of the pipe and the Taylor bubble respectively, and εTB the measured void fraction in the Taylor bubble region.
Fig.11 Slug unit
The evolution of dimensionless liquid film thickness calculated from equation (7) versus the distance from orifice 1 is given in Figure 12 .
For the two superficial liquid velocities the increase of the gas superficial velocity results in the decrease of the liquid film thickness.
There is a decreasing of the film at the closer probe upstream the orifice (CP3). This is due presumably to the augmentation of the cross section area of the Taylor bubble due to the obstruction nature of the orifice which has tendency to stop the passage of the Taylor bubble which in turn is pressed by the liquid slug. The film thickness increases sharply through the orifice to reach practically the same value at the first probe downstream the orifice (CP4). Interestingly this film thickness value corresponds to a Taylor bubble diameter equal to that of the orifice which means that at this distance the Taylor bubble is still deformed by the orifice. From probe CP4 to probe CP7 a 26 decreasing of the film thickness is apparent showing the reforming of the initial Taylor bubble which can be noticed from CP7 to CP9. value from the upstream to the downstream pipe but with a slightly change just after the orifice due to the effect of this latter on this kind of flow pattern. Indeed the Taylor bubble after being disturbed by the orifice needs a certain distance to resume with its own frequency. For the lower liquid superficial velocity and higher gas velocities combinations, corresponding to churn flow pattern (Figure 13(c) ), it appears clearly that the frequency does not show at all any persistency of the frequency. The frequency presents a random character along the test section.
In order to analyse the persistency caharacteristic for the whole combinations of gas and lquid superficial velocities for the studied orifices,1 to 6, the following criterion has been applied: there is persistency of frequency if (fi-f1)/f1 is less than 10%, with f1 the frequency at the first probe, fi the frequency at the ith probe (i from 2 to 9). The analysis of the whole data shows that there is persistency of the frequency through the orifice for the bubbly and slug flow and no persistensy for the churn flow. The persistence of frequency found in the present results provides added support to the suggestion of universality across many fittings suggested by Azzopardi et al. (2014) .
Conclusions
From the work presented above it can be concluded that:
 An orifice has an obvious effect on the gas/liquid flow passing through it.
However, this effect is local and the flow quickly resumes the form it had upstream as it progresses along the downstream pipe.  The experiments presented here significantly extend the available data on the effect of orifices in vertical pipes carrying gas/liquid flows. Given that the only
